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5 riELD OF THE INVEMTION 

The present invention relates gen^rall>* to performance of a 
ccrnrTUinsca^ion service a? -5 cieis^ed QoS (Qusi:ty of service) level in a 
ceHuiar or other radio, cofr,mi.iniCs^tion sysiern. More particuiariy. the 
present Invention relates to apparatus, and an assocssted method, to 

10 effectuate power contro! in the radio communication system to ensure 
the performance of tha communication service at the desired QoS 
levei. Appropriate gain levels by which to amplify signals to be 
transmitted to effaotuate ttie communication system at the desired QoS 
level are detornsned and seouested pursuant to sefvice request 

5 5 negouations in the form of ao offered gain request by a transmitting 
station> 

BACKGROUND OF THE INVEMTION 
A communication system permits tha co^rsmunication of 
information between two or more communication stations The 
so cornrnunicatior^ stations are connected by a communication channel 
unon svhich a comrnunscaiion signal transmitted Tna comm^nscatior 
&ic,'rai :McJudes the intorrnaunn vviisch to he rv-^nsup '-^t^■>^1 d^jI^a^^^^-o 
r--^ .tfi r jniOf^uon stations in two Wviy c.>nirK " ^-rh.v ^^v^^- - 
co;nn-iur?:cation stetson includes both a transm-tter r-'O^fion a?id a 
a5 receiver portion operabie to transmit and to receive, respects v^ely, 
oommunicatiors signai s, 

A radio communication system Is a communication sys^ern ^n 
vvi^icn ihe connmunscalion channet formed between the communscaiicn 



5;c. c iS o 'c<3 o chanrel defsn^ii upon a portion ^h^ 
o'f^-*' oi!3<3r6,t ip^^ctrwr Wh«n a communscat.on sis^w opG?ab c In 

capaiie ot two-way, radio communication witn anntner com-ryr .\^*>on 
station Because communjcatjon signals can trarsm ttao betvs-sen 
radio t'^ansceiv^rs on radso channels, wsrs Sine cointnectionts am not 
required to effectuate communicatso^s in 0 radio cornf^un^cation 
system The'-ebv, communscaticnr are pcs^ibie by wav of a rad o 
0 r onn- jniC3tson syston when tormation ; , s - r *ctiO?^ 
o^tv^eaf co'T^rsuncation s-^attors ^ - i ^ 

4 ceiiuiar comn-'i^-'iralion cn ^ t^cupi^) < d 
comnunicsifon system C^Hula^ ccmmunjcation svsteiDs corsiructed 
according to various standards, havs bsen installed throughout 
^ Significant Bortfons of the world A subscnbar to a roHular 

ccnrunication system is able to communicate ts!ephon>ca> v tv wav 
of a -ad o *ra "sc^a /^r Ivpicaiiy referred to as a rrcbile s:3t on when 
t^e r-obsle station sfe f.oi. t o^eJ w.ihn a-ea encc -^-tVaBsed ^y tne 
camn.j-^icat c $>'sten i e t ■> o ' » ri*i'<r< cr. ^ h v ca 
,mo^fnat$on and d-sta 'r\-^^mation ib pcrrittcc tn stc^ netwo'ks 
Advancements jn digital communicatjon techniques have 
facjlrtated the impiementatson of new oeiSuiar, and other, 
communication svsten^s capv^bie df comrriemcating tncreas&d amounts 
and types, of data For instance a proposed cellular communtcation 
^y'stem «iet torth in the snecifi:;at{or' a CDM<^2000 standard provides 

> iO-^i.! ccTTunsra* cn^ ^^<^iu. r> o< ^erativ to Ihc "crnmunicauon c k-vo 
*. -^"Oio separate types of information, sucn as vosce and data 
iMormatson. 
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QoS (quslHy of service) ievel paramelsrs are daflDad \n the 
specif scatfon of the proposed CD^/SA2000 standard, QoS laval 
parameters are .BnakKiousiy aSso defined in standards pertaining to 
omsr csiluia?- communjcation systems. OoS ievel parameters define 

5 standards by which to meas-u'-e, or ensure rriininiU!;? co-nn unseat --.v. 
quais^y ievsis A QoS ieve! paramester can foe used in servsce sn;t?ation 
and service modification, A QoS teve! parameter can foe used during 
service negotiations in the initiation of parformance of a communication 
service as wall as to modify service teveis during performance oi a 

10 eommur^lcation service A QoS level parameter defines a 

communication service in terms, e g.. bit-error rates, service delays, as 
w^li as otrier types Df oerformance measures. Performance of a 
communication service at a leve! at least corresponding to a selecteo 
perforrtiance measure by which a QoS iavei parameter is defined 

1 S ensures that the communication sarvica is performed at a 

communication quality ievel associated tharewith. Tha QoS level 
pafametar, therefore, Is a quantifiable paramatar associated with a 
cort^munication quality iaval. 

Dit^erent c<>mrnunscauor- ,}r,t necssssslate ciH'iereriS 

20 lev&is of cornrn^inication qua'iUoi vc, o;^^u;~^ U-^esr psjsiorrrianc^^ An J, 
different subscritsers to a comniunK"3^on svstern niignt t--^ ^nlmg to 
subscribe to dilferent levels of servtce ?of instance cne subc-criber 
might require that a communication service be performed at a greasei- 
data transmission rate than another subscriber, A subscription for 

25 servioa at a OoS level ensuring performance of the coiTsmunicatJon 
sef < ive .".t ?ne -jr^ater transitisssion mte can ba seiected to maet the 
requi?ef^-!erits of the c-ubscrlOer 

1 --^e arr,o-«n,i of gain a£:pi!C-d to a .rcrfVi-n-.u-ahon Ssonal af ;5 
transmitter portion of a communication station iS, in paU. deteruuna^ve 

,^0 of a performance measure associated with a OoS level parameter To 
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ensL $ tny r ::onmun!cation service is performsd <3t a feefecled OoS 

. v^ o - --n^'-v J? , ^■> ^ M V r '^'►^ be / I cz- 

v^<ii ^ iOio'" u vno!"? th^ corui^ H^aiiun .^s^svir^^ a* Ine c?*^ss cd 

HvVvev^T the ot ga^n al xvhich a conmunfcatson & cac^s js 
transmiiied in a CDMA (coda-dsviSion multiple-access) conmursicatioi 
svstam cannot memiy be incmasad without constraint A 
comrrun{cation s.gna! of !nor<iinat^f>' nsgh !«»ve! gam interfere* 
roncs.(PentK~gen^r^t^^-'J c:^'rsmun>cation ?kJ!hIs? bv other 

a cc ^ !-^^u'"'0. toioncl n-iu^ ^hefe'ce c rciba In Uk' pr. »os3cl 
CDMA2000 communicat.on system, t'^e gasn ss seiscted pu suart tc 
$«rv!C!^ negotiation That iS to say, control apparatus of the proposed 

l"? COf^A^'^OOvT -system controls wheihsr a request to perform s 

conmunication service at a desired OoS level sr>aH P<a pernHtted 

Whko channel gams associate :i U'»th ded cr-^ted data channais are 
de*<nec >n CDyA2000 s^J'nd^'d v.5forci<<5K Tsrre' which to u&o 
rcoaoivl jL DV^e rr^ > -^^-^ ot r bci^ i3t bcc'" set 

Z<> *or*n A Piaiinsr bv vvh.ch vO ix'ttevlu^ic PvKv^jf vo-nsu- bv' -^hict lo 

control the levels of ^ain by which communication signals ar$ ampliCii^<f 
would advantageously improve system effictency. 

It ig in light of this background information relaled to 
comffiuoioations m a radio commuhioation system tt^at the significant 

2*^ tmprovemsnts of the p-esem i-^veiilion r^ave evnived 

Si^am^lARV OF THE ^NVEmiON 

apparatus and s'lr associated -nethod uy whsch at !**ust to ^stsatc 
etf actuation o* power control at ladio ti =^nsc«iver Effectuation ot 



power control ensures tnat appropriate QoS (quajjty of service) iev§?s 
are maintained pursuarti to performance of a oommunscation seiv^ce 

Determinatjon? are made of a range of gam levels by whJCh 
communication stgnais must amplified to ^snsure* pe^rfofmancc* a 

upchcatnn a ooiected Ooi5 >evei Durtng serv.-^** nego* atson 
pfoc?du!>?s ip wh ch ^orvfce ss requested to perform tre comrr^nscatior^ 
$ervic<^, mdioatsonss of il^e range of gain levels are us^-d tn ihe 
determination of whether to grant permtssion to perform the 
confimun?c3tion service and to allocate appfopnale levels of 
communication system resources io perform the cofiftmun^cation 

In on^ implementatJO'-!, t'^e ra'>c?e of gain 'eve s ov v^'h'ch s g-^als 
fo be t'ansm5*teo or various chonne s bv a -nobile staticr are 
detefin^raci at the mobile station, astner by calculations parformeo 
the nfiobile station, or by externai snputs thereto, such as by way of a 
user interface IncSicatioris of the range of gain levels iS trarismitted x§ 
notworK snf-^astructure ot the communication system subseauent tc? a 
hv.'r ' =^ >nc^? v-ivW sc'M to tre network n^'as^r^cu'O i -^n? 
i "f^p CT-3r*a scf the I ec>^jge t v'iis '^itiec ■^^Ixv ^ r^u . cu "e 

fCi'n$ nai* i onvJ'-c^d cs-i '-^ 'v.^^t ^rnl tno lOK^o'k ^^-^ s . * 
viun^g serv v *^ ueyotntions bs.K|u<; iii f<?n^)*^.ei>it.p *. * ^>>c J c,- 'Hi 
:rec[ii0St; 

tn a turther implemei^talion, a^t*srn>!nation$ &m made at the 
> i^etwork jrff a structure to aetermine whether to grant access to the 
TDb) X st3r on to the communication -System to pe*fo'i^^ t - 
.jr rjf c<-J v-"! ^erv cc? tticretlvouviii When sojv re is <}' 'd Sv^io-? 
^r.^K filk. 0 tc pc-r-^ I'l:? orno'narce j>" 

r'.^u! <mon sos v*ce S^aials generated by the net^ofk 
"5 infiastfuctui<» ana transnvtted to the moDiie station cofitrol the levels of 
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gain by whioh the communication sjgnsis generated by mobile 
station are smpyfled. 

In one Implementation, ciqsed4oop gmn control ss effectuated 
and the network infrastructure transmits to th« mobile station channel 
gain messagiss lo adjust cna'M?ei ga-n, ^-is appropriate, during 
perform arsce of the corf^murucatson servjce. 

In another imptementation; the moblie station is instructed in 
niianr^ers by which to operate responsive to the n®tworl< infrastructure 
transmission of NAK (no aoi^nowiedgement) indioations responsive to 
generation by the r?)abtle station of RIP (radio Vmk protocol) data 
frames, formatted In conventional manner of the RIP. The moblie 
Siation iS provided either as .a i^ser-soecific rJiessage, a system 
p.-5ra;r:«t9r an NAK snterva;. an NAK W-r^t, and a OoS stc-p v'?5iue, 
Rcv;-o^-;^-(ve to such values, the mobile statsor dcy:uo::v:j<i ;p what 
marner to adjust levels of gain of amplifier circuitry of tha moolle 
station. For instance, the mobile station counts NAK Indications during 
the interval dMined by the NAK Interval value, and, when the count 
^Kceseds the NAK iimit value, the lavel of gain is stepped, up or down, 
according to the step sixa of the QoS step vaiue 

A rnanner ss thereby provided by which to ensure that ins gasn 
levels at whiC'- cornnunicaliar; Signals are generated to perform a 
comnvanicetion service are great enough to perforrri the convnur^icanon 
service at a selected QoS ievei if, during perfxjrmance of ihe 
communication servioa, signal conditions warrant a reduction tn the 
gain level the gain levels are appropriately sitered. Thereby, system 
capacity can be better utilized. 

In these and other aspects, theretore. the pfesa?^ invention 
provides apparatus, and ^ ^oi^■^.. :TrO K->r rvr-3tc.a 
effectuation of power controi or stgtials generates by s radio devsce 
operable In a commumcation system^ to perform a communication 
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service. S?gnais generated by the fad$o devsce are transmitted upon a 
m4]o channel to a receivsna stai:!on to vrndom the common caUor 

ire catsc ^5 Dt r\ Co ^ - - ) C"5 Dsr-c* \ ^ - j 

c>nannei gasn& withsn v^hjcn ssgndi levels o* tne signals g^neratec 'n^ 
r^4\o device permit pefformanca of th» communication seiv.oe A 
message gensratof is coupled to receive determinations of the cnanne^ 
gasP range determiner The message generator generates a messaqe 
iO for traf>sm ission to tne receiving stetson requesting aNocation of 

channel capac :v ^oon the '•edso channa! to tran^s^rs ' s q-^bI^ ud^'^ t^e 
radio :;h«:'-sncl io >^ ^ -* c c^'- n - n ^ 

A i'^iore cumD^ete apDi fetation the presoit i-^ rt o a i1 io tre 
scope thereof can be obtained from the acoompanving diawings which 
are t->neriy summarized beSow, the loHowmg detailed descnption of t«-€^ 
presert5>~pretcrrcd emtoodirtiants of the present invention and t,h*? 
eppanded Claims. 

BRIEF DESCRIPTION OF THE; PRAWINQ 
if Figure 1 illustrates a rep?eseni.^uor? „>i j portion of a ceiiuiar 

communication system ^n wh^ch an embodiment of the present 
ij-^vent'©n m oisertafele, 

Figure 2 illustrates a functional fc!oc!< diagram of a mobile station 
operable pursuant to an embodiment of tiie present snvantion 

Figure? 3 iflijit'^ites a sc-c:. :"ce coram Miuslrating the signal 
sequencss qef>C!-aloi d.^r -^c, ,j , .-.n emtJodiment of trse 

FsQure 4 Hiustfate^i a tunctiona! block diagram of a pofti^n of tise 
moi^^iie station shown in Figure 2 



Figu?« 6 illustrates a functsonai block <jia0ram of another ocjtson 
of the mobile station shown m figure 2 

Figure 6 iUustrales a functiana! block diagtam of a momi^ station 
simila" to that shown m Figure 2 but operable pu*"suani to an 
f alte^na' ^ e omoodi'^-io l:?M",:-o ^cc i '^vi^istjor 

^iCj'^'-a 7 I s^stratas a sequence csacs'am Jlus^'m^n*^ thsr ;i<eaueice 
(. ^ <>i^,f)<i s gsnefat^d durmg operation of an eittbodimsm of the present 

Figure 8 illustrates a sequence diagram illustrating th« signal 
Iti; sequences during operation of another emhodirj^ent of the present 
mverstsssn, 

r aj'i 9 .'St' a . ^ hod sso \ dinyirin lisSrj Itie m^tnad of 

DETAILED DESCRIFTIOH OF THE PREFERRED 
ii EiyiBODIIieNT 

Refc'fnng fsri,! to Figure 1* ^ poit.on ot a ceii^jia? com i^K^.ncetion 
syi^tam. shown genefaiiy at 10, is mstalied throushout a geographtcal 
area The nalwork intfastructufe of the cellular commtinicat^on sysierr 
provvcs-?? *or w reSess communications with rrtobile stations, of which an 
:2| ©x^sfiipiafy mobile station ^2 i$ ^^rovvr r t^i*^ ^" jj 

The svsten^ 1D inrijdes a :■>' j $ '\ ^* ^f-i -^ci -s--^ t -jdiC bas€^ 

g<?09raphicai area to oe encompassed ov tne commjnicat.v.^ ov.^ 
In the tmpiementation shown in the figure, sets of three radio base 
IS stations^ a'-e co-located. Each base station 14 del>nes c c?>!l c.'^f.l ih^ 
col^s 16 together eoliectivety cover the area cncov%'V- M>d 
communication system Ir the exemplary implem6nt«jton m whjch sets 
of thfee base stations a?* co-located each mdso t^ase station defines a 
't.ector co!i in conventional manner 
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Groups of the radio base staVsons 14 am coupiad to a BSC Cba§e 
station controller) 18 A BSC is operable to control operation of radio 
basa stations coupled thereto. Groups of BSC§ 18, in turn, are coupl^sd 
to &n MSC (mobile swHchir^g center) 22. An MSC is operabis, astiongst 
5 other things pertorn-^ swstcnng oDeratior-,s. The MSG ;s coupled to a 
PSTN (pubisc-switched teiepnonsc r^etwork) 24. And, Uie PSTN ss 
couplad to communtcgtion stations, such as the communication station 

m. 

Tfie apparatus forming the neiwori< Infrasiryofure, it§ operaliori, 

10 and the operaten of the mobile stations 12 operable therein, conform 
With a c^liutar standard. An exemplary implementation of an 
erTibocismen? of me prese'it ioventson shiai' be des-.^fbe-i ^^^Mln -espect to 
a proposed CDMASQOO cellular slandaro proposed as a 3G (third 
generation) cellular communication system standard. It should be 

15 understood, howevef. that in alternative implementations, an 

embodiment of the present invention is simiiarly opef able in other types 
of ceiiulaf, a§ well as ott^er radio, communication systems. 

Various types of communication services are proposed to be 
p;-.-v;ided ^cs in a CDfv1,A2000 ccHolsr commurHcatson system, l^/lults- 
!) ii St ' ..nrs ^o" ^ s fo hi^-^an* c-n^ |, fu 1 'O suth 
.-system. QoS (qu.s^lsty of sorv-ce) levei r'<3."3mc-?ers are also defined in 
the proposed CDMA2000 system QoS lex^ei parameters are 
representative of performance measures of communication of sjgnafs in 
the communication system, Perfofmance measures include, for 

25 instance, target telt rates, bit-error rates (8£Rs), service delays or any 
o! vrfrioUsS other parameters. When commur,iCatJOn service.^ are 
parlxifmed ai a particular QoS level, the communication service is 
euectu-sted at a quaiily level at least as good as l?;e oerforn-anc-e 
measures associated with the QoS tevel. Proposals have heen r>iads 

;)0 to permit subscribers to the communication system to subscribe for 



service at a particular OoS iBV^l fof a particu!af sybscuot^on The 
subscription rate wouid, far instance he ioiated fo the- QoS Seve! 

j\-.jcr: to which subsci'p.cn s msdc ^ra< 5^v-«o it* c - cc%. e rc 
^\^u<-^ :iiffe'?>nl levels c1 QuS fn? Jfth^'jer^ serv/^eo Inai s scv 
^ NOD?. , i\srf could be made tot voice s^fvre at a first QoS tev«t and a 
Uil'«f'eni OoS tor a type of data service 

The following descnptjon shall be ciescribad wrth re§pect to a 
OoS Isve! whtm m defined m t«rms of mmsmum B£R (bit ermr rate) 
performance BER t^ea^ured in t«*»-ms of sny of various terf??s Fo* 

^ttertKj: recess ir \. -^c z ::'BnKi> ^' t ^ize B-> i>a!ntcin8f c at^^et 
received E^^N^ ussng power conl'^ol as descroed below m\ etf«>cuve 
SER may be mabfain^d mmg exisfmg ARQ protocols 

15 Figure 2 illustrates a mobile station 12 operable pursuant to ar 

smbodim^int of the present mventson The mobile station 12 receives 
forward-hnk signals transfustted thereto by a radto base station and 
generates reverse-link signals for transmission to r Mdio boso station 
'-.M Vv'«s communication !S thereby ef'c:;]! otec .vsv of ur->c*(|e 

; it;H on to perforn^ comnmnication &ervi(.(-» -.r h >"uiii roc^s 
applications. 

The mobile station 12 includes a transnit portior having an 
information source 34 at which information to he transmitted is 
generated The smormation is provided to an sricodef 36 which is 
2*=: operable to encode the information provided thereto according to an 
c re jo'f c : rc encoder provides encoded signals to a 
Tioiu'r^c s">S V ^rii >3 opeiab^e tc modulate the enco<1e<1 s qnais 
c'tv dm i^or^^c cro t"^ o"0v dc ncGu*.^*ed s o"- ^ cicc ■^o^,.€'*:^.' f ) 
aoaioq sorn^ b\. a di^ital-m^anaicg convertet (OAC) 4C to a VG^ 
(\anabj«? <,:}<^in ampStierii 42 The VGA opercsble to aTolify ttie 
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moduiated signals provided th^r^^to at a selected level of gain and io 
provide ampiified signals to an up-oonverter 44. The up-convarter Is 
opsfsble to up-convert sn freqtjency the signals provided il^erfito tu be 
of a transmission frequencv Up-converted ssgnss? generatad by ih8 
> up-converier 44 are ths-^ an>pi'-5«ci oy s &ov\.e- a-^n 46, The 
amplified Signals are then appii&d U's an antenna tr-:$nsaucer 48 to iDe 
transduced thefea^ into electromagnetic forrn. 

The receive portior^ of Ihe mobile station Includes a down- 
converter 52 coupled to the antenna transducer 48. Forward-Hnk 

10 signals d^te<tted by the antsnna transducer 48 are? converted into 
electrical form and provided to Ih© down-converter. The down- 
.'■^n.uef « opci '0 v^^' ! *s ^ " > H ' >jn^ r!0\ je>i 
th^jfeto and to provioa oosv'Viv>.- v^--tH<.i t.> -v-i I/O de;podui:Star 54. The 
derrioUulato? generates the den-xiui^n-d .^sgnals wnsch ara provided to 

l.s an A/D ianaiog-to-digitai) converter 56 to convert the signals Into digital 
form. Digitised signals are provided to a reke receiver 58 which 
detects multi-path representations of the same symbols and combines 
such detected syf^bols. The signals formed by the rake receiver 5B are 
provided to a decoder 62 which decodes the signals §nto decoded form 

20 and provides such decoded signals to an infofniat;o.n ssnK 64 

Trie mobile slatson 12 iurthef sncinces a coru-'olser 68 upefable 
pursuant lo a«-> embodsrrserit ot the present invernson ir adds^on to 
conventional control functions performed by control csrcus^rv ot tho 
mobile station, the controller 6S js hare also operable to initiate and to 

as effectuate gain control to ensure that comnnunlcatlons services 

performfeO tfjs fviobile station are effectuated at an appropriate Qo$ 
i«vei With respect to a QoS level parameter of a 8ER. the levxvi or' 
gaifi a? wh-cii a ;Mg!^ai .-.i-ppiin^d i? r^iatcd io ^he i'eiated i3ER c.-^ the 
transmitted iugnais. Various elements of tns contfoiler are s.fv;-.\v,r. .-.^s 

30 functionat blocks When the controller is Implemented as a processing 
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dsvicB having algorithms ©xecutsfole therein, various fun<xtions 
performed by various of the functions! blocks ars affootuat^d by 
algorithms executed by the processir^g device. 

The controNer 6B is coupled to a user sntefface 72 to receive 

5 user-generated snpui? inputs generated by way of me user sruerlace 
are provided, amongst oiner psecos, to a channel gain range 
cieiarminer 74 vvhich funcllonaliy forms a portion of the controller 
Here, the determiner is coupled to receive indications of a 
oommunlcafion service which is to be performed by the mobile station 

10 The channel gain range determiner is operable to dotermir^e a renge of 
channel o^'f^& withsn which communication signals generated pursuant 
to a communscat!on sa?vu-o s^ux^: ih-^ -oit^ ;o sfic^t ars 

appropnate level of QoS ss maiPs.-^ineo Jur Jiv^ ^^ftectuatsop of to§ 
communication service. The rarge c :harnol gains includes a lower 

10 boundary value of a chanr^el gain value beneath which maintenance of 
a selected QoS cannot be ensured. 

While various factors are determinative of the Sower boundary 
vaiue, Including levels of network loading and service rate negotiations 
ih-; archstecture ViZ the conponer^ts, of the mobile station form 

20 critical factors as the archstectufe of the base ba~^'.l tof^iponenfs of a 
mob statkjn tvpicallv surpoUs on>v a iirpit^^d iyn-/? iz i?nne -^'nrsai 
values For insienca, a digsiot to analog converter suc^ ss ihe DAC 40 
shown m the Figure, of a limited dynamic range. Due to pulse 
Shaping and emission requirements, ssgnais applied to the DAC 40 

25 must be scaled to 'fif th^ vanous channels, i.e,. signals. Into the 
cynomsc range of the DAC. Truncation of signals may a^&o Dv- 

j, \.veo however wsth a >esuitant $p^rtr^ii sJi<5toi* *. ^ p ^r- ^" * ^ si- 
end of a ii-jobsle station iS a!?o soin^^iiiiv^jft a crsnc^ii i-:3r;?or .i^ ihj? iavei of 
achievable E/A/^jfor a paniculaf channel An analysis of whefher the 

50 mobile can meet its emissions and w^ve form quality requirements 



given a particular bearer service profile is based fos- instance, upon the 
runber Ms asskinco by a mobile station to a o3ftJCu>af ch^n«^e! to 

in!>tanc«5 ?n time assigns a mavmum o^- B tJits to r part.cjiar channa 
tr^a eftootjve SHR (ssgnal'to~noi$e ratio) of im channel to 
quantization error can range anywhere from very iow to a maximum 
achiir^abie SHR usmg 8 bits Although B foits have been aHocatad by 
tne mDbilQ tc a parttcuiar physical char\nei, ttiare ts ar efte<.tiv<& »ange 
Dt SISR s-^ .">raci >. e t>i«^ moN-e statjxon n^ay aiiocaie *Si> t^an In s 

Assvirimg th^at \be qusnt.zation ncsj>j? s/^'rarts may be 
reprssenteci as , sucn noise can m treated as an additional source 
sv^^!t€> noise ft the power at a ba^^ statjon receive- is l,,/!^.^ and tne 
orc-^essTQ ga o iS P^Btxd t^« sndMoual pbysscai chanra^ cn,p-to-pcwer 

i,^'^ o «-led as CHAN B/l,^ then the effective Et/'N^m 
feDragented as; 

By defining a recatvsd pilot St/N^, as fd^//V^,V;< the vaiua can b« 
reptesi^ntecS in terms of «^ as fo *ows 

E h\ i 
A " ^ , 

pf eicrar v ^os^rotea providing unit^^imiv-sp^xced r ^-^Itaga 
level* acLOKling to amtormiv-spacod >nput levels based upon th)S 
numj?**' of bi^s dnvinq the DAC Analysis of the ai^ant^zation nois^ can 
i 1-^, ToJf^lsna the oato flowing over a physical channol, after 
^ p.M.^^* 9nap«na to do Gaussian An effective QoS range 



offered by tne mobile station is determined in terms of deviation rrom 
E^N^ on ai pilot channel For instance, the msnims^m ncrmshred 
quantization noise variance for a C3auss?an random o'oocss 3634, 
1188 OSW and 0*^^54 fori 2 3 and 4 d its 'P'-^-.^.W'ly jf a 

^:./''\\js I C4d J 'B ' 3 159 ..nJ 0 v^-^i* A^vunry tna" 

at least thr^'o bit^s aie a cc-^t^t-^d a t^a i cu o- rhanrv^ 
quantization noi$$ degfbdatwn i<i ie^s thar o 2 dS acceptaoie 
range for G^.^^,; obtained mch that the QoS ranga is maximizad unoe? 
10 th0 constraints of the OAG in a pedagogical, two^ channel example 
fr^deo^s a*"® shown to be evident in the detarminatiar of the 

C «-o'f"! ? ?v"J.^n^^ ita t^; j. »^^ei>^a?>i\-3l s>'" co'^t^^f i.,'ur !»l are ^he 
m ■> vl- >^ ^ i^i^ K.^ *I-H f-xe r pl^sx n% J. fs r .-x-ii ^Xsbuming t^3t 
1^ the DAC nas D bits o* useab.e lindsai large aid ihai the ptici channel 
has allocated P btts by th^ mobile station, that the minimum number of 
bits allocated by the mobile station to the channel C is and is less 
than D and ^ is less than C^, then the following eqt>a^ion applies 

In tl-e v^O'Ht? e( ^ a i' n ^r^h^^n 0-=-^ ~ < ^uJ *■ ^ - f^^^nu r 
vaiue of u ' ''b ^ ^-ros - . jO"" ...b M u-^sn v.-. o-^ 

Tn«s at c>iem:>ntioned manner l&rxx-n -j c^anrc ga s 
exemplary, and, m other fmplemontations, the channel gam range is 
d^termnned in oth«f manners Indications of the channel gam range 
determined by the det^rmmer 74 are provide* J to an offpr^^d gam 
message fsenerator 76 Tt^^fe offered gain m.'^.^ -ki<- t >-^>afor i$ 
operable to gcnes^ate an offered gam m$s>^ye s v information o* 
the de^ermtnaticns made b> ttie channel gam range determiner ^4 
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Messages generated by ihB generator are provided by way a line 78 
which is connected to the transmit portion of the mobile station, in 
conventional manner, the message is interleaved or othewlsa 
formatted in a ssiacted manner and then modulated by the modulator 
S 38, The offered gain massagd; rrtMVTiitted by the mcbiie sistion 
during service negotiations by -A-^^jicn mobde stauon requests ;verv-ca, 
that is, allooatlan of a suppfementai channel, to perform a 
oommunscation service. The network im'rastruoture decides whether to 
grant service to the mobile station and to aliooate the appropriate 
amount of channel resources to permit effectuation of the 
oommunicatjon service at the selected QoS level. 

Whan the network infrastructure grants servsco to the mobile 
siation to perform the communication -.v^-rvic©, a service grant message 
IS Oroaocast as a fonvard-hnK signal vvhic^. Oetecieo &y the antanns 
transducer 48 and processed by the receive portion of tne mobile 
station. A channel gain message Is also broadcast by the network 
infrastructure indicating to the mobile statsor^ at what gain level slgnais 
generated by the mobile ^tatior? are to be amplified to perfomi the 
communication service. A channel gairt message detector S3 ss 
caupieu to the receive portion of the mobile station The detectof 82 is: 
operable to detect ia<.iications of the rJ^aPines pasn rrsessag<5 rece^vao at 
tne mobiie stetson 12 and processed oy Uie recosve portion ttiereol. 

Indications detected by the nnaoiH^l gasn n^essaye ti^x^tr^cto' 82 
are provided to a gain controller 84. The gain controller is QperaOle to 
control the amplification levels at which the VGA 42 amplifies stgnass 
applied thereto Tt^ereby, cio&e-loop gasn control js effectuated to 
control the gain ievels at which eignais are generated at tne mobiie 
station to periorn-i a cr>:n';K.: Lc.;.U;-^n sei'vice whiie ensuring that an 
■^ppropiiase levei o'i QoS iS nKajntasned 
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Figure 3 iiiusirates g sequence diagram, s^hown generaHy at 92 
^hmh fllustjates the ^igml fig be^vveesi Ihr- mohjie s*at!on "2 ana the 

^-e&ources of tre communication systesr must be *3i.crated u* the inoDsle 
station to permit the affecfuaijon of the commynioatton $eiv)ce f rst, a 
Buippl^menm channel request, mdicated by the hne S4, ss generated by 
the mobile station and tfansmsttad to the network r*restfuclura The 

\0 siupplemental channel request fs a request tor the network 

^""restr-jcturs to allocate to l*ie mobile s-tation channel resou^-ces ?i3 
tPfV the co'ntT^SHCsrc n s-jrsscc car be e"e.*u^'^«a Ir-^i ~,strl< -.l-xi 
^y tn& Mne S6, an of^eseU cfarn ressage ye^esatca ly me genef^to, 76 
«hown jr> Figure 2 iS generated by the mobile station and transmitted 

15 to the netwo'k infrastructure A§ described above, the offered gain 
message inoiudes indications of a range of channel gams reo ji^sd to 
ensure that the communicat'on service can m effectuated at a selected 
OcS level 

T ->e i^r'Svo!'^ r?« . . cUtB grants servsc^L tr ? i<-^ v ^f. ^-i 

x>> I » ] ^e?s, < e ai^ !i\"k > power control trsr^^irt^^iOfis 

tv. <^eif*i.* 3r ^ ds! i«ve! ot by vsHkMi the communication ssgnals 
cienv^f c5t«»vt ine mobite station are to be amplified And. dumg 
perfosmance of the commumcst?on sarvtce a char^nel gain massage 

2'^ mOJcated by the hne 102 iS transrritted by the n<»twork infr^i$tructur*5 to 
*hi^ not>ib «'a*!u^ t ! us* neb <..c^i>-^nc-^V ehsrrre pcwci 
tev>:^ § That 5^ t i ti'- :nan'~ci . ^ '"c^sc-^c rc c^t3s ct \^^at 
ievp r OvMr - s <~ > L r anr - k <j ut i 0 rKb st~tiOi 

Fiouie 4 iliu^^tiatvss the reverse Hri^ cnanne! &tiu^tjr<, wh^^ Kit t ^ 

^0 a portion v>: mv>t>sl<? station IT. The rcxerse tmk channel structure 
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shown In ihs FIgum is axemplary of fh^ structure of portions of the 
receive portion of the mobile station constfuctsd according io the 
proposals set forth in the Droposed COMAjrcvjQ standards proposal A 
plurality cA channels are provhJeo. her^j shown lo inwiuoo fundarsierUai 

t chi^ni^! T4 sjppleme-'ti^ channels IDS a dediCo:tcc conuc on,^r^ie' 
108, and a pilot channel 1 12. Gain elsmsnts 1 14 ar« associatecS with 
the channels 104-1 OS. Wgfclsh coding is performed by providing Walsh 
codes to im mixers 116 which are uUlsed to form Walsh-enooded 
sequences. The Walsh-encoded sequences are amplified by the gair^ 

If elements 1 14 The levels ot ga n v^hch sndKidu^^i ones of me qa-n 
elerrenti; aa"ipN'y i"^-"- sii^na^s o;oonea thorc-lo are controlled m manners 
3S described above vvsr-- rescejt F.gure 2 or< afernately. as shall be 
described below with respect to Figure 6, 

The Miustrated portion of the moblie station is further shown to 

11 inoiuda summing atements 118 as well as a complax multipty section 
122 Including a piuralily of mixeirs 124 and summing elements 126 
Base band filters 128, additional gain elements 132, mixers i34 and a 
summer 136 are further shown in the Figure. Addltionai details s^eia^ec 
to the reverso-i:nk channel structure shown m F-'Ouro 6 can he fou:^-l ^n 

20 appropriate portions of the CDiV1A20Q0 standard proposal , Elements oi' 
the structure shown in Figure 4 correspond to functionally equivalent 
portions of the mobile station 12 shown in Figure 2, 

Figure 6 sliustrates forward link channel structure which forms a 
portion of the transmit portion of a mobile station, such as the mobile 

Ss station 12 shown in Figure 2 Structure shown in the Figure includes a 
;Oi>g code generate 142 a bn selector 144, mn'er 146 a n-ulispioof 
14S ■ii^T oi<-'m^'^^> '52, puncture symbols 15- ano r^u^u.''?. I'VS I'v^ 
used for Walsh encoding purposes. 

Figure 6 illustrates the mobile station 12 of another embodinieni 

:M of the present invention The mobile station is again shown to Include 
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an information $ourcfe 34, encoder 36, mo<luiator 38, DAC 40, VGA 42, 
fjp-comBtim 44, and power ampHfier 46; Signals generai^d by the 
transmit portion of the mofolie station are again applied to an antePino 
transducer 48 to he transduced into electram agnatic forni ther&as And 

I; th§ mobile station again snciudes a receive portion including a down- 
convarter 52, an I/O demoduistor 64, an A/D converter 56, a fak§ 
facaivef 68, a decoder 62, and an information sink §4. 

In thl§ embodiment, the oontr oiler 68 effeotMate? gain controi 
«v0n without trie detection of a channel gain message transmitted 

p; thereto by the network infrastructure of the communicatior) system. 
The confroiler 68 is, however, shown to be coupled to receive 
indications of u&er-generored n-^puts generateo bv v\-oy of the- u9v> 
interface 72 And. a channei range determiner 74 is again operabse lo 
determine a range of channel gains to permit effectuation of 

0 pefformanca of a oommunscatfon service at a seieoted QoS ievei. 

Determinations made by the determiner are appiled again to an offered 
gain message generator 76 which forms an offered gain message 
which is provided to the transmit portion of the fttobiie station on line 78 
and used durino se?Vice nef.jotiar;ons by Hie iTiobiie station Ars RLP 

20: (radso hnk prr^ocoi; fD-miatung scPenia iS utiNzaa to format data vvt^ich 
fS (■>■>.-! Vis.wr '(^ r'^'s'iOfni the communication sarvics In 
cot^ventsuna: mannes, ACK (acknowied^^a) or NAK mo acKn!.-\^; -^o^^ic;- 
indications are sent back to the mobile station by the netvvork 
infrastructure to indicate receipt or non-receipt of ihe RIP frames. The 

is mobile station js provided wHh information pertaining to an NAK 

i.ntei-vai a tsme period sn which to sum NAK indicatiors-f fe :<~-ivad at tho 
n-opise ,station, information related to an NAK limit ti?e maxsniv^rr 
numtjw? of HAKs pern-utted during the NAK inlefvas and intorrnation 
related to a QoS step ievei, the nommai pov*-<er step siza m a dB, to 
atter channet ^ajn on the cr^annets upon which the signals are 
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transmitted to perform the conimunication service. *n an exempiary 
imptementat'son, such Information Is sent to the mobila station by the 
network infrastructure In the form of RlP-reiated, layer three 
messages. The NAK inl;erval and the MAK limit may be coJTsblned Intcs 

% a Single message in one !mp^^-^if>r:5;t?cr tf^j v.? ..eo ,-!f th« NAK 
Interval the NAK limited, and the QoS step size are ussr-specsiic in 
another implemenistion, such valu©^ are. instead, system paramsters 
and transmitted to the friobils station over a common centroi channel 
Hera, th^ controller 68 is further shown to Inciude a step-size 

10 detector 172 coupled to the receive portion of the mobile station to 

detect indications of the OoS step transmitted to the mobile station An 
NAK detector 174 -s also coupled to ihe re^csive portion of th© inobile 
Slation lo {Jetect the NAK :n;or-r!3t;on, ; the NAK inierva; -rsrd tt\<? 
NAK limit, transmstte-J lo Uis? -poOiSi? ,*:anon indications Nak 

15 Interval are provided to an NAK timer 176, and indications of ti-ie NAK 
Omit provided to a counter 178, 

Dunng operation: tho counter is operable to count the oumiser of 
NAKs within the time interval of the NAK interval and timed by the NAK 
timer. If the counter counts-out, ar? iridication is provided to a gain 

^-0 controller 84 The qasn controMer ss also cou-pleo recea-e ipd>catsons 
of the QoS step size detected by the dciocior 17;? Re,<;por.ssve 
thereto, the gssn controiler generates ssonals to conUo^ Uii=^ 
aiTspiification of the VG,A 42. Thereby, a rule-oi-ihumb o&sn conuoi ^s 
etiectuated at the transmit portion of the mobile statson upon receiving 

2.S negative acknowledgment for a selected nunnbar of RIP data frames 
witilin a seieeted titrse. 

Figure 7 illustrates a sequence diagram, shown generally af 15;": 
i'-stifto U;e Signaling between the rnobilo station 12 3iid the network 
>n;rastructure, inciudiiu) a radfo base station 14, during operabcn oi >t5i^ 

30 embodiment oi the present invention. When a communication service 



is to be perfor?ne<f by mobWe station, the mobile station generates a 
supplemental channel request indicated by the Um 184, wbich ts 
transmitted to the network mfraatructure In which additional §y$tem 
resources are requesJsd to be allocated to perform the communication 

$ service, Ari oftat-ea j-^r- '■-^.u.'sv^; noi k:; -■jq rs--^ . *fft;-*-ja uai>! rries'^age 
generated by the offered ga*r> message generatof 7B, shown In Figure 
S to form a portion of the mobile station, Is also sent, as Indicated by 
the line 188. by Ihe rncsblls station to the network infrastructure- 

Tho natwork infrastructure, responsive to the requests, grants 

10 service by way of a servtee gr^ant indicated b^ the line 188, granting 
service to the mot>?le station to perform the communication service An 
NAK information nessac-;? rcli-kiu-j I'u^ K'AK intc-rv^^i ,^4^!^ trn-> NAH 
limit, *s also ti-ansmitted b>' tno no^yyor.'v inffastruoture to the mobile 
Station as indicated oy the Ur.e 19? And the network infrastructure 

t5 sends a message containis^g the OoS step size. Indicated by the line 
194 to the m<3bife station. Thereafter, durir^g communication of the 
RIP formatted frames of <;Sata, NAK Information, indicated by the line 
196. is proytdBd by the network infrastnjcture to the mobllB station. 
Gain control iS effectuatec therefrom. 

20 F kjui-e 8 siiusifa^e? a seque,noe dsecra^r U)B rep^fis^ntat^ve of 

exf-f^t-^af^ ope^-ition of a turtner snibodiroent o? fh^-^ pJH^enl invention 
The emDodiment represented by the sequencer ciiaarain provides 
RlP-tased power control used to Improve the reiiabilsty o? 
retransmissions m m HIP (radio ttnk protocol) applicatson ot a 

25 CDMA2000 cellular communication system. During operation of th^ 
powe'- control effectuated m this embodimern, RtP retransmissions on 
a fever,s>? isnK extending from the mobile station to the- i-setwork 

t.>y a specif sec step-asze so as to improve the sigiiai-to-no^.se iaiso 
30 (SNR) of retransrJiiSSions received at ttie network infrsstriicture. 
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Operat;or) of ttm embodiment provides a tnanner by which to affsctuata 
outer ;oop power contro! for a CDfVlA2000, Of other radio 
CDrmmunbauon. system 

An existing manner provides an algorithm i>v whsch lo effectuate 

S outer ioop power contro! by selecyveiy caussrsg a step-sb:e increases or 
decrease in subsequentiy-transmHted RLP data frames responsive to 
whelher a pfeviOuslH^^^^^^^^^^^^ <^^t® fram® Is in error One existing 
proposal, for Instance, attempts to erasure that signa^to-nols® ratios of 
RLP data frames received at a base station of a ievei such that a 

10 required FER (frame srro? rate) 'S maintained Howcves ^ur^^ v^iNh-jg 
power conlro; metnod doss nol sdeauatelv account for vciije.s -.r F EH 
which do not equal 10 -.exp- ~ I wno-c L s an snleger orsater than ir.ero. 

An emfeodtment of ihe prassnt snvantior^ pfoyides a manner by 
which better to effectuate power control in which amplificatjor^ levels of 

IS which RLP data frames are ampUfiad at levels responsive to the receipt 
of Indications at th^ mobile station as ta whether a previously- 
transmitted RIP data frame wm, or was not, received m error at th® 
network ir^frastructure. Such operation is stated in an algorithmic form 
:as follows: 

>A*ner:ain: 

For Irama j, ]~0, 1 , adjust target £/M denoted as Traffic (E/N> 
usmg fixed step-sssa , 

1 If the frame m ^rmr (BJN^ Klhn * {10' ^ 

SS: round (Kfm. 

i' i'-r 3 e r^ct tn ertc (F^ W , w^i^ ~ , i-i, >~ i) 
mamdu'fi}.: am 
7 IS an rstagaf; 

? iS a tan^m frame arror rate (FER), and 



, is m value of a slssp^iza < 
XN^tBu RlP-biSsed power control used, retransmissions of data 
?van-es usuaiiy arrive at a siighUy better FER than ths target F. 
However, ouic-f ;oop power corUfO! shouki maintain a target FER for 
5 reg^isr transm;ssiCsn frames m the prfjsence of RLP retransmissions 
To msnimae the need to modify norrnai outer loop power contrQi 
oparation: operation of thia embodiment of the present mvention 
utlii2:as an algorithm as foHows^ 

For frame / pD,1,,,.. adjust target Tmfno B/N^, denoted as (E^K 
H) using fixed st^p-slze A 

1 . }f frame m error. (EJNJ.O + i ; " ;E/M Irip (iO- - 

foandfUfPi), 
2.. If ffame not in error and frame iS not ar) RLP 

relransmfSsion< fH/A/i)r(f*1) ~ (t/N,}r{j) roundilO^F}, 
15 3< If frame not m error and frame Is m RIP retransmission. 

The sequence diagram 198 indicates that first, an RIP data 
frame, the /th data frame, is commtjnicated by fhe mobile station to the 

r^c--fv\or^^ .nfrasiructure. sndsr-^i^r ^ t . ""^^ s^v^' '-"^^ -32 Then, as 

iS returned from the network infrastructure to the mobiie station Then 
the gain at which a subsequeni the i i, data frame is communjcgtad 
by the mobila station to the network infrastructure is setecttvaiy 
modified by the above-noted algorithm, the sufosaquent transmission of 

25 the data frama is indloated by the line segment 206. Thereby, 
operation provides a power con^-^^ schenis n wi^ic;-. sf an RIP 
retransmissson is successfuiiy rec^=-:v'od pa the network ^nuasnocture .-jr-, 
outer loop tvub-pomt is rK4 adius^ea Otrierwsse adiustros!!! ;s made, 
as indicated sn the aigofithm The caiouiatfons ot iNne aigor-inn- can do 

30 carried out by a gain controller, such as that which forms portions of 



the mobile stGt«on shown srs preceding Figures A gain confo; s^gna^ 
generated by the gain controHer is then utilised by a varsabb gain 
a:r=p;/-or of ihc transmit portion of the mobile station to effectuate the 

power contro!:. 

? Fioufe 9 illustrates a rnethod, shown generally at 2 1 2, of sn 

embodiment of the present Invention, Tne method Initiates effectuation 
of powar control over signals g^n^rated by a radio device operable In 
the communication systam The signals ara transmitted upon a radio 
channel to a receiving station to perform a communication service, 

10 r^;?? ai-.Q as -"dica^ed by the block 2 !4 a rar\,'-^ '^h«f^nei 

03::^? .i^-'<^-':! ->ed vVitn:-^ vci-icn ssqna^ ~evel5= i-;'' the « nr.jL- c.4-i oe 
g{^f:e!-aiei^ l-v ■ ^^iu) oev --^i^ p!.- nit perforj^^ance oi the 
coffununicatjon service at a selected QoS level. Then, end as Indicated 
by the block 216, a message 1$ generated for transmissfon to tha 

15 receiving station requesting allocation of channel capacity upon th© 
radio channel to transmit signals upon the radio channel to perform the 
communication service. By determining the chartnel gasn required to 
effectuate the communication service at a selected QoS level, 
maintenance of communications mt the selected QoS teval Is better 

m. assured. 

The previous descriptions are of preferred examples for 
impiamemiri9 the tnvention, and the scope of the invantion should not 
necessarily be limited by this description. The scope of the present 
jftvention is defined by the foHo^rlng claims: 
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We cisim; 

1, ins radio device operabi^j in a communication j?yste?T- lo 
perform a communication service, an improvement of apparatus for 
initiating effectuation of power control of signals generated by the radio 

i device for transmission upon a radio chanr^al io a meeiving station to 
perform the communication service, said apparatus comprising. 

a channel gasn range detarminar coupled at saast to: 
recssive indications of the cornrv.r -!:;atsop ^i■?i■^.'>ca ^i.> be perforrnsd t5y 
ths radio device, said chartnes gasn rar-.n$r- -.^^f 'ssner fo- detai-mining a 

\<i range of channe! gains mthm ^htctt signal ieveis of the sionais 
gan'^ratad by tha radio device permit perfonnance of the 
commtir^ioatlon servioa; and:: 

a message generator ooupisd to receive 
daterriunatsons of $3id channel gain range detarfri<nai\ said message 

1.5 generator tor gcnaratsnp a iBe^aage for transn-sisSiOn to the receiving 
siauon requesting aslocanon of channel capacity upon tha radio 
channel to transi'mt signals upon the radio cnannei to perform the 
commyfiication: BBmm. 

2 Th§ apparatus cla;m t vvh^sra^-^ the i\-Ki!0 de\ ica includes 
a diQital~ro-ana!og cnnvertar a-^a v%heffc'iri ^M••riP'?v5^^• --^u^ hv oakl 
chafinsl gam ra-^go deierm>r,a.-~ if^rija^- .l^t-rn-*^ raiicns of a-a^^'i^uiv, Qa;n 
i^v^is by wn.ch to an.pnty tne ssgneis ganaratau at tii^? aaiv> ^^cv 
wittiDut saturating the digitai-to-anatog oori^verter. 

:;> 'a^^ge ot chann??! a^ t a -) < j u J c- -^r-^r j -jnga 

determiner is detenn>'vsa respon&tve in part to cletern-inaiions or tha 
maximum gain levels &y whiCh to amplsly the signals generated at tha 
radio device Without saturating the digHai-to-analog conv^&rter 
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4. The apparatus Df claim 1 wherein tha radio device 
compHseg a mobile siation operabie in a ceMuiar communicayon 
syster^ whsfc-sn tfv.- ^ece^v re .?i .^i ..\"r.o; sex a pcrt-on of network 
■nffastructurs of the caHuia? commurHcation system, and wherein said 
5 n^essags generator generates the message for transmj&Sion to the 
portion of the network mfrastruoture pursuant to service negotialions to 
request senrlce In the ceilular commuriscation system, 

5 The apparatus of ciasm 4 v.'here.r. ?he cellyiaf 
communication system eomprisas a CDMA2000-cor?>pliant system and 

|6 wharem tha measage generatad by said message generator comprises 
an offered csain massaae 

6 The apparatus of c a/r i v*^>>heresn t!ie rscajvsng ?;taijon 
comprises a frar^sceivlng station for transmitting inciJcations of service 
request grarvts granting communioatton system resources to the radio 

15 dsvlca to pei^ofrn ths oor^tmunicatlon service 3t seleot^c^ powar levels 
and wharein ^aid apparatus further comprises a datsctor for detecting 
the Indications transmitted by the transcelvinQ atattcn, 

7 The apparatoa of claim 6 further comprising a gasn 
comroUef coupled to recajva indications of detections made by sasd 

IP detactor of the Iniilcations of the service request grants transTnitied by 
the transmitting station, said gain controller for generating gain control 
ssgnais responsive thereto, 

a. The apparatus of cia?m 7 wherain the radio device 
comprises a receiver portion havmg a varfaole gain amplifier, and 
2.| Vi^herein the gam contfol sipnal gen^r ate<j l>v sasd gasf* controller is 
applied to the variable gasn ampiitser to conifoi oa^n -sv'eis thereof. 

9, The apparatus of claim 7 wherein the radio device 
Gompriv^es a mobUa station operable in a cellular communication 



system, whefein the Iranscaivlrsg station comprises a portion of network 
infrastructuf © of the cellular oommuaication system, and wlisrein the 
indications of the trnvim request grant§ transmitled by the network 
infrastructure are transmitted pursuant to servio® negotiations to 
^ rcqus^st sorv'co to perform th® commiinication service in the cellular 
communicatlDn system. 

10, Th0 apparatus of cWim 9 wherein the cellular 

vvhsfain the message gene?3tea by said n^essape yen^c.-ato;- ;-.on5;:>fise$ 
10 a channel gain message. 

1 1 , The apparatus of oMm 1 whsmln the recesvsng station 
comprises a transceivmg station further for transmitting no- 
ackncwc^dgmom ^NAK) snrof'-'Kni "u^?, '-aiho davsce the NAK 
ififorraatjon for indicating to the radio cevice a manner by which to 

15 adjust power levels of signal? generated by the radio device to perfoffn 
the communtoafjon service and wherein said apparatus further 
comprises a detector for detecting Indications of thf* HAK information 
transf^iitted to the '-adsc aevi<'e 

1 2 The apparatus cf claim 1 1 wherein th^ radio device 
m generates radio link protocol (RIP) data frames, and wherein said 
apparatus further comprises a gam controUe? for generating a gain 
control signal ol a value responsive to NAK indications subsequent to 
generation of the RIP data frames In the manner indicated by the HAK 
ihlortnatlohv 

25 1 3. The apparatus of claim 1 2 wherein the NAK information 

corf)prises an NAK Interval vaiue representative of a time period during 
which the HAK mdioations are counted and wherein said apparatus 



jr 

further comprises a timer for timing th^ time period of which the NAK 
tntervai Is reprBssntative. 

•1 4. T apparatus of claim 13 wherein ihe NAK inforrr..3tion 
compriBes an NAK limit vaiue representative of a maximum number or 
S NAK indications permitted wilhln ihe time period of whioh the HAK 
interval value ss represer^talive and wherein said apparatus further 
comprises a counter for counting NAK indieatrans.. 

The apparatus of ciaim 12. wiierein the NAK information 
comprises a quality of service (QoS) step value representative of gmo 
if): adjust step fevets by wbich the value of the gain control signal i§ to be 
selsctivsfy adjusted subsequentt to the generation of the RIP data 
frames. 

16. Tha apparatus of claim 1 wheraln the range of channel 
gains datermin^sd by said channel gain range determiner inciudes a 
li \o\»^Br boundary^ rapresantativa of at least a minimum gain ievas to 
ensure performance of the eommunrcation service at a selected QoS 
leyel 

' 7 1 he r^pparatus of claim i wherar the radso dev .cij 
generates radio link protocol (RIP) data frames, wherein the receiving 
:o statsun cf^mpff&es a tfansceivjng station further for Iransm't^mo to the 
3c :^ o-.^ ' < e '"dic^tions respon^>!ve t r *f ^pt.on c-^ n iU?-' oat3 

"-eceived viit^^ ^--fv o o on-"- ^\\''k'k^v^ -^i^. i—i ^ r-^-? 
comprise* a a*a^*ectu' t> uetect*? q the !>!dicatiot\s u<ahSii-!u!.ed b) 1 ^-^ 
ti^nsceiv^ng statson of whether th^ RIP data fram-? ss received wsth 
error or \iystnout errors 



18 The appufatus of claim 1 ~ njfth*~^f corip. f^smj <j y^isi 
contftillei coupled *n be pKH'sdc^d ¥-ith the indications tran^mstted oy the 
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iranscesvfng station of what^ier the RIP data ^rame is racoiv&d wrfh 
8ff0f cxvi^hout error said ^jBm conisoHer fnr gererat^rq a ga^n ccr^so! 
- ^ feipc-iio i'-'^-ehi t^-'-^ gain ro'-.troS sssgral a valu< ^.k'^hu^ 
Sw jcs :>* o - 2!''! -lc-nc$se ratic (t^N, }r of a suDseujar * v i .-vIvms rte-o 
^ a3-a *%>r^3 .f th^ RLI* data trsm© ?s received with en Of a^cor^^n^? 

to the aquatson; 

(^M}r 0*^; " it/N,}^ (J) ^ (10" round (WF),) 

mmrmn: 

j \^ an int«0@f which identifi«is @ fram^ nymbar, 
to F !S an jnt^gep; 

P is a vaiue of a target frame er'or ra'^^ and 

. IS a fixad siep-size vaius. 

19 I he apparatus of ciam 10 wh<?iein t^-^e gasn contiol ssg ial 
is of a value for causing valuas of tho s?gnal to-nosse rafso (B/N^jr of 
1 s the subsequantlv transmitted RIP data tr arrte if the RLP data trame b 
received without error and the RIP data frame iS not b retransfr?i$sion 
aecDrdrngtsiiia: /equation: 

:?C Ihe aoparatus of clmm 1$ wherein the ga - con:ro ssar^s 
iS of a v^iue tor causing vaiues of the ssgnaNo nOise raho (Ev'A/, )^ 
tne subseqiisntlv iransir^itted RIF 4bX^ frarrse is received wjihout error 
and the RLP data franie is a refan^-risj accorc the equaljon 

Mohile station anpv-af-inj? \v ru-^hMj -i' 5'i m <. v\ 
< vf'il V s corals 3<rn!c?f-^^'~'d a m.iPi!^^ <;ti^t <^ i « f o a- ^xr^s 'c 
"*;tivc k 'rnrastructL.-e to pertoi^-^ a Cv5f*if?iunvat' ,s»}v way of a 
cc>!u^a ^ommunjcat'o?^ syster^i saso f?ict:ne Jstatscn apparatus 
comprismgi 

a channei gain ?ange d-f^t^^jnuii*^! t svo!»*u at 'ec^* tc 
30 rere^ve . ~id!caliO"s ct tne corrirnui^catiDn vow *o he per tojnied b . 
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the mobile statjon. said channel gasn determsner tor determining a 
range of channel gains vvithm wtiich SJgina! isveis of the ssgnal 
generated by tne i^iobsle station permit paffofm^-nce tne 
■~cn ->iu -.nat'on sorvice at iea&t at a saiected OoS level aid 
% r^s?5Q:> a^reiato" ccuol^^d to ?cf v ^ 
'i*5tpnn '>a\ion? traae by sa>d whann®* gam '"ange aau-'insr^rr Sd,o 
rnessags generator for gsnefaling a message for transmission to the 
network mtrastfuoture faquestm^ aliocalfon of channel capacity upon 
the radio chanr^ss! to transmit signals upon the radio channel to perform 
if^m mmmumcBiim mrmm: 

22 A method for initiating effectuation of Dower co "^rci o* 
Signals ge"v-»>s*<?c ln c -2:: d o3 see- cD^'ct ^ ccr^snviica? 
ay§tem foi *raiismis&ion ^;:>0'"i 3 ta&iC c>c ■>i€Uo c re^e vinci s*a:ior *o 
perfonti a commtjnicstton service, sa^a retnod ccp-'Dns^ing 

(dietermining a raiige of channel gains wftii^n which 
Bignai iavels of the signals generated by the radio devioe permit 
psrfDfftianc® of the comr^iunication service, and 

generatirig, responsive to determmafjon^j mad© 

r-cr V ^t.-^^sjn io^^cst rq a oc:al*on cnanne. capacit. u|.cr th<; 
-ac . era -"if! *c " >iT^it Signals upon the radio channel to perform the 
cci-^irnur'cation se? v'loe 

23 The meiht^d of clasm 2? ronip^ssina she r.<;o * o -jl 
oporation of transmitting cack to the radio device inoications of sei v ice 

N request ^r^nts granting commun>catiOn system resources to th*? radio 
a<^v'k-ir V eitoim the communi'^ation fie\ic?» at ^.-^i^^ct^^a ^ ^vv^i evels 

> 1.- ^e tc the mc^ssapc genci'atcd dursn^ sasa 'H'-^^ ^1 ' 
:fei^^erating, 

li^e ifiv*'J"nd c!aiiT> 2? campriSirig Ine -^-Jcistn-iji 
A ope'3tiOf> o* t^-ansmih^np baol- tc tn^ radio dsvtce NAK information, tha 
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HAK information for mdiostmo to the raoio device a nanner wnich to 
adiu*$t power !ove!«5 of stgrais gem aled bv *he radio dovice to Dv»*fof m 

*A'r w<3v f ^ ■'^ \ r c<? R r ^x^ e>ns c<. n un - sr- IIP t'c^-f^ef 
?D a remote tfa-i^cesvir^^ stators, tr^e repot*? Ucs'^^ste x^ins^ &ta(!.^r 
opsrao!6 at least to r«turr^ mdicatsons> responsive to recaption of each 
RIP data frama at the transcribing siatror^ whetner the RIP data frams 
fs racsfvad with erro^f^ or wtthcut error sasd gain control apparatus fo^ 
causiiig a ^ignai-fo-noisa ratio (Et/Nih of a sut)sequeni!y transmsttad 
RIP daia frame to be of a seiectad value said gam control apparatus 

RwP data franes pnor .0 comni jk-a'ion iHerect i \ tnf -^-no c© 
said variable ga,n ampiirier element exhibiting en -dmph^tcation ievel 
s^iedable resoonsive io veiuf s of a gain control signal appMad tnereto: 
afid 

gan controOer roupleo tp ^-eccvr*- the indications 

cont-oi fr?pnai of a value rot causing va!ue?^ d i!.iyn<3'-tv>-r o ss*? f>3t>o 
(Fj/Wf 's^^ ^ sybsoquent^y communicated RIP data frame recesved 
With error according to the aquaiion 

(B/N.h ii^D^ (Ei^%)t (i^ ff^' - round {10^F) ,) 

' ^ t^^j^^i whicn xOt-^nt.t as trame s-'i^nibe? 

^ ;» v< v^lue ot a t^gj^et \i&n(^ ^Tcr 'atc? and 
i): : IS a tixed stap-ssze value. 
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